Psychomotor Sensitization to Amphetamine 681 increasing attention because the neural changes underlying sensitization to drugs of abuse may contribute to addiction (Lett 1989; Piazza et al. 1989; Robinson and Berridge 1993) . In studying the conditions that facilitate or retard sensitization we have found that the context in which drugs are administered has a large effect on their ability to induce psychomotor sensitization (Badiani et al. 1995a (Badiani et al. , 1995b Robinson et al. 1998 , for review). For example, doses of amphetamine, cocaine, or morphine that fail to induce psychomotor sensitization when given in the home cage, induce robust sensitization when given in a distinct and relatively novel environment (Badiani et al. 2000b; Browman et al. 1998a Browman et al. , 1998b Crombag et al. 1996) . The mechanisms responsible for the facilitation of sensitization by a distinct environment are not known, but it is tempting to relate them to associative learning processes (Badiani et al. 1995a (Badiani et al. , 1995b . Indeed, it has been suggested that sensitization may be the result of a progressive increase in the ability of treatment-related stimuli to elicit a conditioned response (CR), which adds to the unconditioned drug response (UR) (Hinson and Poulos 1981; Pert et al. 1990; Tilson and Rech 1973) . If this hypothesis is correct, manipulations that degrade the ability of contextual stimuli to acquire conditioned stimulus (CS) properties should attenuate the facilitation of sensitization that occurs when drugs are administered in a distinct environment. Increasing the interval between presentation of the would-be CS and the unconditioned stimulus (US) is known to impair conditioning (Kimble 1947; Pickens and Crowder 1967) . Therefore, in the present experiment we studied the effect of increasing the CS-US interval on the development of sensitization produced by amphetamine, by habituating rats to the test environment prior to drug administration. The psychomotor stimulant effects of repeated intravenous (i.v.) injections of amphetamine were assessed by quantifying rotational behavior in rats with a unilateral 6-OHDA lesion. Injections were given (1) in the absence of any environmental stimuli predictive of drug administration (HOME groups); (2) immediately after rats were placed into a distinct environment (NOVEL groups); or (3) in a distinct environment, but after either 1 or 6-8 hr of habituation to that environment (1 hr and 6-8 hr HABITUA-TION groups). Intravenous injections of amphetamine were given using remote-controlled syringe pumps. Thus, amphetamine was administered in the absence of the aversive stimuli associated with other routes of experimental drug administration (e.g., appearance of an experimenter, handling, needle jab).
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MATERIALS AND METHODS

Subjects and Behavioral Measure
Male Sprague-Dawley rats (Harlan Sprague Dawley, Indianapolis, IN), weighing 200-225 g on arrival were individually housed in steel-wire hanging cages in a climate-controlled animal colony, which was maintained on a 14:10 hr light:dark cycle (lights on at 08:00). Food and water were available ad libitum. Rats were acclimatized to the animal colony for at least 7 days prior to surgery. All training and testing took place during the light phase of the light/dark cycle. Experiments were carried out in accordance with the "Guide for the Care and Use of Laboratory Animals" as adopted by the National Institutes of Health.
The psychomotor stimulant effects of amphetamine were quantified by measuring amphetamine-induced rotational behavior in rats with a unilateral 6-hydroxydopamine (6-OHDA) lesion of the nigrostriatal dopamine pathway. As previously discussed (Badiani et al. 1995a; Crombag et al. 1999) , the quantification of rotational behavior in rats with a unilateral lesion provides a number of methodological advantages over more traditionally used measures of psychomotor activation, such as locomotor crossover activity and/or stereotyped behavior in neurologically intact rats. For example, in rats with a unilateral lesion a progressive increase in drug effect is characterized by a linear increase in rotational behavior over a wide range of doses of amphetamine (Crombag et al. 1999) . In contrast, amphetamine produces a linear increase in locomotor crossover activity only over a small range of doses (Crombag et al. 1999) . Furthermore, rotational behavior is particularly advantageous in studies investigating the effects of environment on psychomotor stimulant sensitization, because the unconditioned rotational response produced by exposure to a novel test environment is negligible, whereas the locomotor crossover response can be substantial (Badiani et al. 1995a) .
Surgical Procedures
This experiment was conducted using three independent squads of animals (with groups balanced across squads), and there were small differences in surgical procedures between squads. As described below, in two squads the 6-OHDA lesion was made via a chronically implanted guide cannula and the catheter was fixed to the skull, and in one squad the lesion was made at the time of surgery and the catheter attached to a backport. All other procedures were identical across squads. Detailed methods are given only for those that received a chronic guide cannula.
Rats were pretreated with atropine and then anesthetized with sodium pentobarbital supplemented with methoxyflurane when necessary. Using standard stereotaxic procedures a 21-gauge stainless steel guide cannula was positioned over the medial forebrain bundle (3.0 mm posterior to bregma, 1.8 mm lateral to bregma, and 1.0 mm ventral to the skull surface), counter-balancing left and right hemispheres. A 15-gauge length of stainless steel tubing and a length of polyethylene tubing, both bent at a 90 Њ angle, were positioned on the skull surface. These served later as the support for a tether and as a guide for the intravenous catheter, respectively. The entire assembly was affixed to the skull surface using 4 jeweler screws and dental cement. The guide cannula was capped with a stainless steel stylet. After at least 3 days of recovery rats received a unilateral 6-OHDA lesion of the nigrostriatal dopamine pathway by lowering a 29 gauge infusion cannula through the guide cannula (8.3 mm ventral to the skull surface) and infusing 8 g of 6-OHDA over 8 min. To protect noradrenergic terminals rats were pretreated with desipramine 20 to 30 min prior to lesioning (Breese and Traylor 1971) . The infusion cannula was left in place an additional 2 min to reduce diffusion of the 6-OHDA up the cannula tract. Rats were returned to the animal colony following the lesion. Some animals received the lesion at the time of the surgery (see below).
Ten days after the lesion rats were screened for the development of dopamine receptor supersensitivity by administering 0.05 mg/kg apomorphine subcutaneously, and measuring contraversive rotational behavior. This dose of apomorphine produces vigorous circling behavior only when over 90% of the dopaminergic terminals in the striatum have been depleted unilaterally (Hefti et al. 1980; Marshall and Ungerstedt 1977) . Rats that 10 min after treatment made fewer than 5 full rotations/min were re-lesioned and re-screened using identical procedures. Rats that did not pass either screening test were excluded from the study.
Finally, intravenous catheters were implanted using procedures described previously (Crombag et al. 1996; Weeks 1972) . Briefly, catheters were constructed from silastic tubing (0.30 mm ID, 0.64 mm OD) and two sizes of polyethylene tubing (0.38 mm ID, 1.09 mm OD and 0.28 mm ID, 0.61 mm OD) as described by Weeks (1972) . Rats were anaesthetized with a combination of ethyl ether (to induce anesthesia) and methoxyflurane (to maintain anesthesia) and the silicone end of the catheter was inserted into the right external jugular vein. The polyethylene end of the catheter exited dorsally through the nape of the neck or between the shoulders, and one of two methods was used to fix the external end of the catheter. In animals with a "skull cap" the catheter was secured by inserting it through the L-shaped length of polyethylene tubing that was affixed to the skull. In the remaining animals the catheter was connected to a back-port similar to that described by Caine et al. (1993) . Following catheter implantation the rats were allowed to recover for at least 4 days. During this period the catheters were flushed daily with 0.1 ml of heparin and an intravenous antibiotic was injected to minimize the likelihood of infections. Throughout the experiment the catheters were flushed at least once daily with 0.1 ml of a heparin solution.
Groups
Rats were randomly assigned to one of the following experimental groups:
1. HOME groups. These animals received daily i.v. injections of either saline (HOME/saline) or amphetamine (HOME/amphetamine) in their home cages, using remotely-controlled syringe pumps. 2. NOVEL groups. These animals were transported each day from their home cage in the animal colony room to a distinct and relatively novel test environment (see below), where they immediately received an i.v. injection of either amphetamine (NOVEL/amphetamine) or saline (NOVEL/saline). 3. HABITUATION groups. Like the NOVEL groups, these animals were housed in the main animal colony and they were transported daily to the distinct test environment. However, after being placed in the test chamber they were left undisturbed for either 1 hr or 6-8 hr prior to receiving a remotely-activated i.v. injection of amphetamine (1 hr HABITUATION/ amphetamine and 6-8 hr HABITUATION/amphetamine) or saline (6-8 hr HABITUATION/saline; there was no 1 hr HABITUATION/saline group).
It is important to emphasize that for all groups the test cages were identical, because the physical characteristics of the test environment can have a large effect on both the acute response to a drug (Beck et al. 1986; Ellinwood and Kilbey 1975) , and on the induction of sensitization (Hirabayashi and Alam 1981) .
Procedures
Acclimatization. Following catheter implantation, the rats that had been assigned to the HOME groups were transported to a climate-controlled and sound-attenuated testing room (white-noise was on at all times), where they were housed in the behavioral testing cages. The test cages consisted of opaque plastic round buckets with a flat-bottom floor (25 cm ID, 36 cm H). The floor of each cage was covered with granulated corncob bedding, and food and water were available ad libitum. These animals remained in these cages for the entire duration of the experiment, and were left undisturbed except for flushing their catheters daily (for details, see Crombag et al. 2000) .
During this phase of the experiment the rats assigned to the NOVEL and HABITUATION groups remained in the main animal colony where they were housed in standard stainless steel hanging cages (18 ϫ 25 cm). The waste trays below the cages were covered with pinewood shavings. These rats were left undisturbed except for flushing their catheters daily.
Repeated Drug Treatment.
During the drug treatment phase of the experiment the rats received, de-pending on their group assignments, repeated i.v. injections of either 0.5 mg/kg amphetamine or 0.9% saline. One injection per day was given for a total number of 12 or 14 treatments (balanced across groups), using the following procedures. On the morning of each test day the infusion lines for all groups were backloaded with 15 l of amphetamine or saline. The remainder of the line was filled with heparin, which was separated from the drug bolus by a small air bubble to prevent drug diffusion. The catheters of the rats in the HOME groups were then connected to the infusion lines. At the same time, the rats in the 6-8 hr HABITUATION groups were transported from the animal colony to the testing room where they were placed into the test cages. They were immediately tethered and their catheters were connected to the infusion lines. The rats were then left undisturbed. Later during the day the rats of the 1 hr HABITUATION groups were also transported to the test cages and tethered, and their catheters were connected to the infusion lines. Finally, 1 hr later the rats in the NOVEL groups were transported to the test chambers and tethered. Immediately after their catheters were attached to the syringe pumps all groups were injected by remotely activating the syringe pumps. Thus, all groups received injections at the same time of the day, but the groups differed in the length of time that they were exposed to the drug treatment environment prior to drug administration.
Each i.v. injection consisted of an initial 20 l of heparin (volume of catheter), followed by 15 l of amphetamine (or saline) followed by an additional 25 l of heparin. This volume was injected at a flow-rate of 20 l/ min over a period of 3 min (i.e., the drug bolus was injected over a 45 sec period). At the end of the 90 min test session the experimenter entered the testing room, the infusion lines were disconnected from the catheters and the catheters were sealed. Rats assigned to the NOVEL and the HABITUATION groups were returned to the animal colony, whereas the HOME groups remained in the test environment.
Withdrawal Phase. Following the last injection, treatments were discontinued for 6 days during which time animals were left undisturbed except for flushing the catheter daily, as during the acclimatization phase.
Amphetamine and Saline Challenge Tests. Following the withdrawal phase, all groups (including the saline control groups) received a challenge injection of 0.5 mg/kg of amphetamine to test for the expression of behavioral sensitization, using the procedures described above. Finally, on the day after the amphetamine challenge test, all groups were tested for the expression of a conditioned response (CR) by administering a challenge injection of saline immediately after placement into the drug treatment environment (HOME groups remained in the test environment). Rotational behavior was recorded in 5 min intervals for a total of 90 min.
Catheter Patency
Catheters were tested for patency after the first test session, after the repeated drug treatment phase, and after the amphetamine challenge test by intravenously injecting 0.1 ml of the short-acting barbiturate Thiopental ® . Rats that did not become ataxic within 5 sec were excluded from the data analysis.
Statistical Analyses
Because the catheters were tested at several times during the experiment, and some animals were eliminated after each testing, the number of animals in each group varied for the different statistical comparisons (Ns are given in the relevant figure captions). Furthermore, all statistical comparisons were planned before the experiment was conducted, based on predictions and specific questions arising from previous studies.
Differences in the rotational response to an acute injection of amphetamine (first test session) were analyzed for differences between groups using unpaired Student's t -tests. The with-in group change in rotational behavior across test sessions (development of sensitization) was analyzed using paired t -tests (first vs. last test session) and group differences in the development of sensitization were assessed using two-way ANOVA's, with repeated measures on one factor (test session). The response to a challenge injection of amphetamine (to test for the long-term expression of sensitization) and saline (to test for the development of a CR) were compared for group differences using unpaired t-tests followed by two-way ANOVA's to test for differences between treatment conditions when appropriate. Because there was no 1 hr HABITUATION/saline control group the 1 hr HABITUATION/amphetamine group was compared to the NOVEL/saline group, which provided a conservative comparison.
Drugs
Atropine methyl nitrate was dissolved in 0.9% saline (0.5 mg/ml) and administered intraperitoneally (i.p., 0.2 mg/kg) 10 min prior to anesthesia. General anesthesia was induced by injecting i.p. 52 mg/kg sodium pentobarbital (Butler Company, Columbus, OH) supplemented with methoxyflurane when necessary (Metofane, Mallikrody Veterinary, Mundelein, IL). Desipramine hydrochloride (DMI) was dissolved in distilled water (15 mg/ml) and administered i.p.(15 mg/ kg) 20-30 min prior to 6-OHDA infusion. 6-Hydroxydopamine (2,4,5-trihydroxyphenethylamine) hydrobro-mide (6-OHDA) was freshly dissolved (2 mg/kg) in a cold 0.9% saline/ascorbic acid solution (0.1 mg/ml). Apomorphine hydrochloride was freshly dissolved (0.1 mg/ml) in 0.9% saline and administered s.c. in the neck (0.05 mg/kg). D-amphetamine sulfate was dissolved in buffered saline at pH 7.3. Catheter patency was tested by intravenously injecting the short acting barbiturate, Thiopental sodium ® , which had been dissolved in deionized water (20 mg/ml). Heparin, used to prevent blood clogging in the catheters, was freshly prepared on a regular basis in a 0.9% phosphate buffered saline solution (30 units/ml), and the pH was adjusted to 7.4. Finally, the antibiotic gentamicin (15 mg/ml) was used to prevent microbial growth. Drug doses refer to the weight of the salt. All drugs were purchased from Sigma (St. Louis, MO), unless noted differently. Figure 1 shows the number of rotations, averaged over 90 min, following the first i.v. injection of saline in the HOME, NOVEL and HABITUATION groups. The first and subsequent injections of saline produced negligible rotational behavior in the HOME and the 6-8 hr HA-BITUATION groups (Figure 2 ). In the NOVEL group, however, there was a small increase in rotational behavior the first time the rats were placed into the test chamber and injected with saline (t ϭ 5.76, df ϭ 19, p Ͻ .001). This effect dissipated with repeated treatments, presumably because of habituation to the test environment across days (Figure 2) . The mean (ϮSEM) number of rotations (averaged over a 90 min test session) produced by an acute i.v. injection of 0.5 mg/kg amphetamine or saline given in the HOME environment (HOME/amphetamine, N ϭ 17; HOME/saline, N ϭ 17), immediately following placement into the NOVEL environment (NOVEL/amphetamine, N ϭ 31; NOVEL/saline, N ϭ 20), following 1 hr (1 hr HABITUA-TION/amphetamine, N ϭ 17) or 6-8 hr (6-8 hr HABITUA-TION/amphetamine, N ϭ 25; 6-8 hr HABITUATION/ saline, N ϭ 8) habituation to the test environment prior to drug administration. In all treatment conditions amphetamine produced an increase in rotational behavior relative to saline control groups, however, the magnitude of the acute response was dependent on the length of habituation to the drug treatment environment. Abbreviations: S, saline; A, amphetamine; 1 H, 1 hr habituation; 6-8 H, 6-8 hr habituation.
RESULTS
Effect of Saline
Figure 2.
The mean (ϮSEM) number of rotations (averaged for the 90 min test session) in response to the first and last injection of 0.5 mg/kg amphetamine or saline given in the HOME environment (HOME/amphetamine, N ϭ 17; HOME/saline, N ϭ 16), immediately following placement into the NOVEL environment (NOVEL/amphetamine, N ϭ 20; NOVEL/saline, N ϭ 20), following 1 hr (1hr HABITUA-TION/amphetamine, N ϭ 17) or 6-8 hr (6-8 hr HABITUA-TION/amphetamine, N ϭ 20, 6-8 hr HABITUATION/ saline, N ϭ 8) habituation to the test environment prior to drug administration. Repeated treatments with amphetamine produced a robust sensitization in the NOVEL treatment condition, and when given after either 1 hr or 6-8 hr habituation to the test environment, but not when amphetamine was given in the absence of treatment related stimuli in the rat's home cage.
Effect of the First (Acute) Injection of Amphetamine
Figure 1 also shows the number of rotations, averaged over 90 min, following the first i.v. injection of 0.5 mg/ kg amphetamine. The first injection of amphetamine produced a significant increase in rotational behavior in all groups, relative to the appropriate saline treated control groups (NOVEL, t ϭ 5.84, df ϭ 49, p Ͻ .0001; 1 hr HABITUATION, t ϭ 4.43, df ϭ 35, p Ͻ .001; 6-8 hr HABITUATION, t ϭ 2.86, df ϭ 31, p Ͻ .01; HOME, t ϭ 2.48, df ϭ 32, p Ͻ .05). There were, however, large group differences in the magnitude of the acute response to amphetamine (Fig. 1) . One hour of habituation to the test environment significantly attenuated the acute effect of amphetamine (1 hr HABITUATION vs. NOVEL, t ϭ Ϫ 2.48, df ϭ 46, p Ͻ .05). The response to amphetamine was decreased even more by 6-8 hr of habituation (1 hr HABITUATION vs. 6-8 hr HABITUATION, t ϭ Ϫ 4.26, df ϭ 40, p Ͻ .01), and the 6-8 hr HABITUATION group did not differ from the HOME group (t ϭ Ϫ 1.12, df ϭ 40, p ϭ .27).
Effects of Repeated Injections of Amphetamine
One index of sensitization is provided by a within-subjects comparison of amphetamine-induced rotational behavior on the first day of drug treatment versus the last day of drug treatment, as shown in Figure 2 . The NOVEL, the 1 hr HABITUATION and the 6-8 hr HA-BITUATION groups all showed sensitization, but the HOME group did not. That is, planned comparisons indicated that the response to amphetamine was greater during the last test session than during the first test session in the NOVEL group (t ϭ 3.46, df ϭ 20, p Ͻ .01), the 1 hr HABITUATION group (t ϭ 3.67, df ϭ 6, p Ͻ .05), and the 6-8 hr HABITUATION group (t ϭ 5.56, df ϭ 19, p Ͻ .0001), but not the HOME group (t ϭ 1.99, df ϭ 16, p ϭ .064). Furthermore, there were no differences between the NOVEL and HABITUATION groups in the development of psychomotor sensitization, as assessed with two-way ANOVAs (Fs Ͻ 0.20, ps Ͼ .65).
Effects of an Amphetamine Challenge Injection
A second, more conservative index of sensitization is provided by a between-subjects comparison of the psychomotor response to a challenge injection of amphetamine in saline versus amphetamine pretreated rats, as shown in Figure 3 . Amphetamine pretreated rats showed a sensitized response in the NOVEL group (t ϭ 3.70, df ϭ 36, p Ͻ .001), the 1 hr HABITUATION group (relative to NOVEL/saline; t ϭ 3.48, df ϭ 22, p Ͻ .01), and the 6-8 hr HABITUATION group (t ϭ 2.91, df ϭ 25, p Ͻ .01). Furthermore, the absence of significant interaction effects following two-way ANOVAs indicated that there were no differences in the magnitude of sensitization between the NOVEL and 6-8 hr HABITUATION groups (F ϭ .01, p Ͼ .92 ). An unpaired t-test indicated that there was also no difference in the magnitude of the behavioral response between the 1 hr HABITUA-TION/amphetamine and NOVEL/amphetamine groups on the challenge test day (t ϭ .85, df ϭ 22, p Ͻ .40). In contrast, animals in the HOME group showed only a very small sensitized response (t ϭ 3.05, df ϭ 31, p Ͻ .01), and the magnitude of sensitization was significantly less than in all other groups (Fs Ͼ 4.43, ps Ͻ .05).
Effects of Saline Challenge Injection
Finally, to determine whether drug treatments resulted in the development of a conditioned response (CR), all groups were tested for their rotational response to a challenge injection of saline (Figure 4) . Only data from Figure 3 . The mean (ϮSEM) number of rotations (averaged for the 90 min test session) in response to a challenge injection of 0.5 mg/kg amphetamine for rats pretreated with saline or 0.5 mg/kg amphetamine in the HOME environment (HOME/amphetamine, N ϭ 16; HOME/saline, N ϭ 15), immediately following placement into the NOVEL environment (NOVEL/amphetamine, N ϭ 18; NOVEL/saline, N ϭ 10), following 1 hr (1hr HABITUATION/amphetamine, N ϭ 7) or 6-8 hr (6-8 hr HABITUATION/amphetamine, N ϭ 19, 6-8 hr HABITUATION/saline, N ϭ 8) of habituation to the test environment. In all treatment conditions amphetamine pretreated rats showed a sensitized response to the challenge injection of amphetamine relative to saline pretreated rats. However, in the HOME treatment condition the expression of sensitization was smaller than in all other treatment conditions. See Figure 1 for abbreviations. the first 25 min of the test session were analyzed, because this captured the entire time course of the conditioned response (see Crombag et al. 2000) . Figure 4 shows that only animals pretreated with amphetamine in the NOVEL environment showed a significant conditioned rotational response (t ϭ 3.27, df ϭ 34 , p Ͻ .01; for the other groups, ps Ͼ .79).
DISCUSSION
The following major findings are reported. (1) The acute psychomotor response produced by an i.v. injection of 0.5 mg/kg amphetamine, and the psychomotor sensitization produced by repeated injections, were greater when drug treatments were given immediately after animals were placed into a distinct and relatively novel test environment, compared to when treatments were given in a physically identical environment, but in which the animals lived (i.e., at HOME). (2) Habituation to the test environment for 6-8 hr immediately prior to drug administration completely abolished the effect of environmental novelty on the acute psychomotor response to amphetamine. (3) As little as 1 hr of habituation was sufficient to completely prevent the development of a conditioned rotational response (CR). (iv) In contrast, habituation to the test environment had no effect on its ability to facilitate the development of psychomotor sensitization. That is, rats habituated to the test environment for 1-8 hr prior to each drug injection sensitized to the same extent as rats that received an injection immediately after placement into the test cage (i.e., the NOVEL group).
These results demonstrate that the effect of environmental context on the acute psychomotor response to amphetamine can be dissociated from its effect on susceptibility to sensitization. This is particularly evident when comparing the HOME and 6-8 hr HABITUA-TION groups. These groups did not differ at all in their initial response to amphetamine, but repeated treatment with amphetamine produced only marginal sensitization in the HOME group, whereas in the 6-8 hr HA-BITUATION group amphetamine produced just as robust sensitization as seen in the NOVEL condition. Consistent with this, we have reported that the acute psychomotor response to cocaine (in contrast to amphetamine) is the same in HOME and NOVEL groups, but robust sensitization is induced only when repeated treatments are administered in a distinct test environment (Badiani et al. 1995b) , unless high doses are used (Browman et al. 1998a) . The idea that the acute psychomotor response to drugs, and their ability to induce sensitization, are dissociable phenomena is supported by behavioral genetic studies showing they are controlled by different genetic determinants (Logan et al. 1988; Phillips et al. 1995; Shuster et al. 1977 ).
Effect of Environmental Novelty on the Acute Psychomotor Response
The present study confirms our previous reports that environmental novelty enhances the acute psychomotor response to amphetamine, and that this effect does not extinguish with repeated pre-exposures to the same environment (Badiani et al. 1997; Browman et al. 1998b; Crombag et al. 1996) . That is, the rotational response to amphetamine in rats exposed for the first time to the test environment (see NOVEL/amphetamine group in Figure 1 ) was almost identical to that seen in rats exposed to the same environment for 12-14 times in the absence of amphetamine (see NOVEL/saline group in Figure 3) . Similarly, Drew and Glick (1988) reported that repeated pre-exposures to the test environment had no effect on the acute rotational response to amphetamine in neurologically intact rats. In contrast, when rats were habituated for as little as 1 hr immediately prior to amphetamine treatment the effect of novelty was degraded, and after 6-8 hr of habituation the response to amphetamine was no different from that seen in animals permanently housed in the test envi- Figure 4 . The mean (ϮSEM) number of rotations (averaged for the first 25 min of the test session) to challenge injection of saline for rats pretreated with amphetamine or saline in the HOME environment, immediately following placement into the NOVEL environment, or following 1 hr or 6-8 hr habituation to the test environment (Ns were the same as in Figure 3 ). Only rats pretreated with amphetamine in the NOVEL environment showed a conditioned response. See Figure 1 for abbreviations. ronment. Although the term "habituation" is used in the literature to indicate either repeated pre-exposures to a test environment (i.e., prior to any treatment) or exposure to the test environment immediately prior to each treatment, clearly these two manipulations can have very different consequences.
The mechanism by which environmental novelty modulates the acute psychomotor response to amphetamine is not known. Mere exposure to a novel environment increases dopamine efflux in the prefrontal cortex and nucleus accumbens (Rebec et al. 1997 , for example), and therefore, it is possible that the effect of a novel context simply adds to the effect of amphetamine on dopamine efflux. However, under the conditions of our experiments we have found that environmental novelty has no effect on the ability of amphetamine to enhance dopamine efflux in the caudate nucleus or the core or shell of the nucleus accumbens (Badiani et al. , 2000a , so it is unlikely this is the mechanism.
Nevertheless, environmental novelty does have a large effect on the ability of amphetamine to engage neural activity in many brain regions, as indicated by the induction of c-fos mRNA . It is possible this effect of environmental novelty is related to its action as a stressor. Forced exposure to a novel environment activates the hypothalamic-pituitary-adrenal (HPA) axis, increasing the release of corticosterone Friedman and Ader 1967; Hennessy and Levine 1977) . Furthermore, adrenalectomy or pretreatment with metyrapone (a corticosterone synthesis inhibitor) are reported to attenuate the acute behavioral effects of psychomotor stimulant drugs (Marinelli et al. 1997a (Marinelli et al. , 1997b Piazza et al. 1994) , and to block stress-induced potentiation of these effects (Deroche et al. 1992 ). Thus, it is possible that the enhanced acute response to amphetamine seen in the NOVEL group was due to elevated corticosterone levels. Consistent with this notion, the psychomotor response to amphetamine was reduced following 1 hr of habituation, when corticosterone levels also would be reduced (Pfister and King 1976) . After 6-8 hr of habituation to the test environment corticosterone levels should have returned to baseline (Pfister and King 1976) , and at this time the effect of novelty on the acute psychomotor response to amphetamine was gone.
On the other hand, some researchers have reported that adrenalectomy has no effect on the acute psychomotor response to amphetamine (Cole et al. 1990a; Rivet et al. 1989) , cocaine (Prasad et al. 1996) , or nicotine (Johnson et al. 1995) . Furthermore, Badiani et al. (1995c) found that adrenalectomy decreased locomotor and rearing hyperactivity produced by an i.p. injection of amphetamine in a novel test environment, but it had no effect on rotational behavior in rats with a unilateral lesion of the mesostriatal DA pathway. Of course, it is possible that stress-related hormones other than corticosterone are involved. For example, Cador et al. (1993) have reported that the acute response to amphetamine is enhanced following an i.c.v. injection of corticotrophin releasing hormone (CRH).
Effect of Environmental Novelty on the Induction of Psychomotor Sensitization
Consistent with our previous studies, repeated i.v. injections of 0.5 mg/kg amphetamine produced robust sensitization when given in a distinct environment, but only marginal sensitization when given at home. It has been suggested that a distinct environment may promote robust sensitization because contextual stimuli associated with drug administration acquire the ability to elicit conditioned psychomotor activation. The CR could add to the drug UR, thus facilitating the drug effect in that context (Hinson and Poulos 1981; Pert et al. 1990; Tilson and Rech 1973) . However, the effects of habituation reported here do not support this idea. As little as 1 hr of habituation to the test environment prior to drug administration was sufficient to completely prevent the development of a conditioned rotational response, but neither 1 hr nor 6-8 hr of habituation had any effect on the induction of sensitization. Similarly, Drew and Glick (1988) reported that the development of a CR was reduced by pre-exposure to the test environment, but this had no effect on amphetamine-induced sensitization. Additionally, amphetamine injections given directly into the ventral tegmental area induce behavioral sensitization, but do not result in the development of a CR (Stewart and Vezina 1988) . Finally, we recently reported that signaling drug administration in the HOME environment using discrete stimuli (lights, tones, vibrations, and odors) is not sufficient to promote robust sensitization, even though such stimuli acquire CS properties (Crombag et al. 2000) . We conclude, therefore, that the ability of environmental context to act as a traditional excitor (CSϩ) does not account for its ability to promote sensitization (Carey and Gui 1998; Hiroi and White 1989; Martin-Iverson and Fawcett 1996) .
An alternative hypothesis is that drug injections in a distinct and relatively novel test environment facilitate sensitization by modulating the unconditioned stimulus properties of amphetamine, through mechanisms independent of associative learning. For example, as with the acute response, exposure to the novel environment may potentiate sensitization because of some action as a stressor. As discussed above, exposure to a relatively novel environment activates the HPA-axis (Friedman and Ader 1967) , and repeated exposure can sometimes result in an increase in plasma corticosterone levels, over-and-above the levels produced by a single exposure to novelty (Hennessy 1991; Hennessy and Levine 1977) . Consistent with this hypothesis are reports that (1) cross-sensitization occurs between drugs and stressors (Antelman et al. 1980) ; (2) adrenalectomy blocks the development of sensitization to the locomotor effects of amphetamine (Rivet et al. 1989 ) and nicotine (Johnson et al. 1995) ; and (3) central administration of a CRF antagonist attenuates the induction of amphetamine sensitization (Cole et al. 1990b) .
On the other hand, Badiani et al. (1995c) found that adrenalectomy has no effect on the ability of environmental novelty to promote psychomotor sensitization, suggesting that drug-corticosterone interactions are not responsible for the effects reported here. Consistent with this view, we reported here that after 6-8 hr of habituation, when corticosterone levels should have returned to baseline (Pfister and King 1976) , animals still showed robust sensitization. Indeed, the effect of various stressors on corticosterone is relatively transient (Friedman and Ader 1967; Grota et al. 1997; Koolhaas et al. 1997) , including the effect of novelty (Pfister and King 1976) . This is difficult to reconcile with the notion that increased corticosterone levels are directly responsible for the group differences in sensitization we observed.
CONCLUSIONS
Whatever mechanism(s) account(s) for the ability of a distinct environmental context to promote sensitization, its effect clearly extends well beyond the immediate biobehavioral consequences of exposure to that environment. The mechanism could still be related to some stressor-like properties of a relatively novel environment, because as noted by Koolhaas et al. (1997, p 777) , "stress induces a cascade of neurobiological processes. Each of the processes may have a different time course ranging from milliseconds, in the case of direct transduction processes, to minutes, hours, and days when modulatory processes are involved at the level of DNA transcription and peptide synthesis". It is particularly relevant, therefore, that Badiani and colleagues (1998) have reported that c-fos induction in the cortex, in the caudate, in the shell and core of the nucleus accumbens, and in other subcortical structures, is markedly different when an acute i.p. injection of amphetamine is given in a novel test environment, relative to when it is given in a rat's home cage. Furthermore, using double in situ hybridization of striatal neurons with probes for c-fos and for D1 and D2 receptor mRNA, these authors reported that amphetamine engages different neural circuitry depending on the environmental context in which it is administered. That is, amphetamine given at home induces c-fos expression primarily in D1 (but not D2) neurons, whereas when amphetamine is given in a novel environment c-fos is induced in both D1 and D2 mRNA-positive neurons . We hypothesize, therefore, that environmental context may modulate the initial stage (immediate early gene expression) in a cascade of cellular processes that promotes neuroplasticity. Furthermore, the lack of any effect of 6-8 hr of habituation to the test environment suggests that whatever cellular processes are initiated by exposure to a distinct environment must render the brain susceptible to sensitization by drugs for a considerable period of time. That is, exposure to a distinct and relatively novel environment seems to produce a persistent change in some brain "state" that facilitates the ability of psychostimulant drugs to later induce whatever neuroplastic alterations are responsible for behavioral sensitization.
